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Concentric Loads vs. Eccentric Loads
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Columns in Buildings

Subject to moments and axial load transferred from

Gravity loads : Dead Load & Live Load
Lateral loads : Earthquake & Wind Load
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Combined Axial - Bending Stresses

Superposition of stresses from axial force and bending moment
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Bending about both axes: f = Fo My B
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4L150x100x12 WM A, = 11412 em?

o I = 2[229 + 57.06(2.41)*] = 1,121 cm*

X

dminveanthda L = 4(22.4) = 89.6 kg/m
M = wl?/8 = (89.6)(7.0)%/8 = 548.8 kg-m

P Mc 170(,000) N 548.8(100)(10)

f=s
A 1 114.12 1,121

=1,490+490 =1,980 ksc

ﬁﬂd?“%@ﬂﬁﬁ?ﬂllﬁﬁlﬁﬂﬁ%?ﬂﬁTﬂﬁﬂ@ﬂ?{@'lﬂﬁ =490/1,980 = 24.75 %
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P 1x25cm ad o va Y o
—_— — 01 Auanuaruinn C150x18.6
— 2 — 4 — 2
C150x18.6 A =2371cm? |, = 864cm* A . =25Ccm
L P . _ 2x23.71x7.5+25x15.5
10 cm y =
2x23.71+25
%:::L:::F = 10.26 cm from bottom
y
| = 2x864+2x23.71x(10.26 - 7.5)* + 25 x(15.5-10.26)* = 2,775.5 cm?
Combined stress at top = — P/A— Mc/l ( — stress indicates compression)
-50x10° _2><105><(16—1O.26)

= —1,104 kg/cm?
2x23.71+25 2,775.5

Combined stress at bottom = — P/A + Mc/I

-50x10° 2x10°x10.26

+ = 48.7 kg/cm?
2x23.71+25 2,775.5

Stress Distribution :
-1,104 kg/cm?

[ ] < .
| — — Compression
Neutral
_______AQiS________%________
¢ ________ B L/f 48.7 kg/cm?
——————————— Tension

Allowable bending stress F, varies from
0.6F, or less to 0.75F, Max

Allowable axial stress F, varies from
~ 300 ksc to 0.60F, Max




Interaction Equation
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If the allowable axial stress F, were equal to the allowable bending
stress F,,, the capacity of the column could be represented by

f,+f < F
where F = F, = F,. Dividing through by F, we can write

f—a‘+f—'°£1
F F

Since F, and F, are not necessarily equal, these allowable values should
be introduced in the proper places in the above inequality:

f f

2 4+ b < A1
I:a I:b

Allowable Combined Stresses

Tunsdifl 1,/ F, ferliiAn 0.15

Bending about single axis: f + fy <1.0
Fa Fb
. f f, foy
Bending about both axes: 2 + 2> + > < 1.0
Fa I:bx Fby
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AISC Interaction Equations .89,
(f,/F, > 0.15|
P a’’a v
/,"\Mb (1) Check Overall Stability: f
/ fi + mefbx + Cmy by <1.0 (H1-1)
l’ Fa 1 fa F fa
_,:'_4_ _F' bx 1_Fr I:by
‘ ex ey
‘\ (2) For Maximum End Moment:
LMy f f
fp a__ 4 x4 Y <4 (H1-2)
0.60F, F, F,
(f,/F, < 0.15)
(3) Small Axial Load:
LA SRR VI (H1-3)
Fa bx by




-C,, < 1.0
Modification Factor C,, : "

(a) Subjected to joint translation or sidesway C = 0.85

(b) No sidesway, no transverse loading between joints

M
C.=06-04_"
MZ
(c) No sidesway, but have transverse loading:
c.1 Restrained ends C,, = 0.85

c.2 Unrestrained ends C, = 1.0

Modification Factor C,, :

- Use C,, = 1.0 for Conservative value
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(a) Unbraced frame

Tl

(b) Braced frame

P O 7 O T . 4

Unbraced | | /
Frame I / /
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(a) C,, = 0.85 for all the columns

> A My o >
—> —>
Braced s —>
Frame > .
—> —>

77 a4 Z Moot %/

(c.1) (b) (b) (c.2)

C,=0.85 C.=0.6 C,#0.6 C.=1.0



C,=06-04 % where M,/M, is the ratio of the smaller to

the larger of M, and M,

Single Curvature Double Curvature
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A5 A W350x159 (A=202 em’, S_= 2,670 cm’, r_= 15.3 cm,

20 tom 100 t r,=89cm, L =448 m, L =1227 m)
N £, =100(1,000)/202 = 495 nn./5u.
KL /r.=(1.92)(500)/15.3 = 62.75 (MIVAY)
5m K,L/r, = (1.00)(500)/8.9 = 56.18
F,=1,207 nn./ou.”
AN f, 1 F,=495/1,207=0.41 > 0.15
20 t-m (100t v &y

udealdaunsn (H1-1) uag (H1-2)

£, = 20(1,000)(100)/2,670 = 749 nn./au.>

127°E
F' = ad — 2,746 ke/em®

© o 23(K.LrY)

4 % 1 1
paRvIAITIRYluTe (a) 19a1 C, = 0.85

o 085 =1.04 > 1.00 OK

I-f./F  1-495/2,746

NNANTNANVEN: F, = 0.60F, = 1,500 nn/au.? 11eenn L, < L, < L,

Jop  Culy 395 QONTY) 4999 <10 OK
F, (I-f,/F)F, 1,201 1,500
fia1oeasoIns: F, = 0.66F, = 1,650 nn.au.
fo o 395 T hgeacig OK

—Ja 4 Jb _ +
0.60Fy F, 1,500 1,650

Y
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Purlin between Joists on Roof Truss

Ridge

Internal bracing

Main tie

Rafter subjected to bending
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3591 MidA W200x30.6 (A=39.01 em’, r =830 em, 1, = 3.61 cm,

S, =277 em’, S, = 67.6 cm’, L = 1.91 m)

Uy
U 5t U 32t

U, 3.0m /L%
L, 0
112
O 32t” “T12m

6@20m=12.0m
) . (b)
(a)

Compressive stress: f, = 32(1,000)/39.01 = 820 ksc




For a frame braced against sidesway K = 1.0
K.L/r.=(1.0)(224)/8.30 =27

K,L/r, = (1.0)(112)/3.61 = 31 (Control)

VNIV V1 F, = 1,383 nn./au.?

f./F,=820/1,383=0.59 > 0.15

9
v @ 9)

Wudedldaunisn (H1-1) uag (HI-2)

o 127%(2.1x10°)

. > = 14,834 ksc
23(27)

auIaeg luilsziani 3:

° o s A~ = &
ﬁ1ﬁiﬂ@ﬂﬂ@1ﬂ13mmﬂﬂ1ﬂﬂﬂﬁ\‘] sz 0.85

) % 4 A A 1R g}./
ﬁ"]‘ﬂﬁll@Qﬂ@’]ﬂ’]ﬁ‘ﬂﬂﬂﬁ’]ﬂlluﬂﬂﬁﬁ sz 1.0

AURGeved C, = (0.85 + 1.0)/2 = 0.925

M

centerline

= PL/4 = (5)(2.24)/4 = 2.80 t-m

M

centerline

=5PL/32 =5(5)(2.24)/32
=1.75 t-m

l¥aunaeuU0s M= (2.80 + 1.75) / 2 = 2.28 AU-LUAT



5 ﬁimféimmﬁi’mmmma =2.28(1,000)(100)/277 = 1,004 nn./au.>
Annaovee Tumudinlaioaiu = (0 + 3PL/16)/2 = 1.05 fu-1ua3

£, fareg9auen = 1.05(1,000)(100)/277 = 379 nn./au.?

C 0.925

n = =0.979<1.0 USE 1.0
fo . 820
F) 14,834
Joy Gl 820  AOAOH o0, NG ???
F, [ f ] 1,383 1,500
1_ F?r Fb

Y
vinaa bignsasuihminusinnld 292

aoslmihaalnaind W200x30.6 222

Trial-error procedure:
N1393NLLUUATU-LE

Select trial section —— Check interaction egs.

Equivalent axial load method:

Convert
M

P’ (equivalent axial load)

Design as

P -
concentric column

e

= P(axial load) + PP ——

Approximation:

P

eff

=P+ mM, + mUM,

- m uag Udwmsunihdn W snqlagnaiuinlilunisisi a.3 Tuaiawwin @
. MIUszanaATIusnagldAt m=8.5uay U=3

- A1 m lumsadueadmsu C,, = 0.85 dwsuardulvigau m e C,,/0.85



A10619% 10-5 audenwihdn W NAgaeseesy ussnuuuanny P ininy 100
Y Jd o Y o a
A uaz Tumuddn M = 7 AU-WAs uaz M = 4 AU-WA5 duyd KL=5mas C, = C,

— 0.85 uazl¥nan A36
7591 91NA131910eNAT m N 8.5 uaza1 U = 3
P =100 + (7)(8.5) + (4)(8.5)(3) = 26 1.5 éiu
@1t AA W400x172 (279 A1) 91NAIT1N00NIUULET V.2
A5 AOUNIAA WA00x172 (U = 2.62, m = 5.7)
P =100 + (7)(5.7) + (4)(5.7)(2.62) =200 AU < 279 AUNIN
aoanthdaiiianni1 wasox137 (214 du) (U= 2.61, m = 6.6)

P, = 100 + (7)(6.6) + (4)(6.6)(2.61) =215 du Inaifesny 214 ¢y weldla

A3I9AOUHIIAA WB50x137(A = 173.6 cm?, S, = 2,300 cm?, S, = 776 cm?,
r,=152cm, r,=884cm, L, =4.46 m, L, =10.72 m)

£, =100(1,000)/173.6 = 576 ksc
K L /r,=500/15.2=32.89

K L/r, = 500/8.84 = 56.56 (A21A)

F,=1,241 ksc
f/F,=576/1241=0.464 > 0.15 — lfaums (H1-1) waz (H1-2)

fe = 7(1,000)(100)/2,300 = 304 ksc
Jry = 4(1,000)(100)/776 = 515 ksc

F,. = 0.60F, fina1age = 1,500 ks 110990 L, < L,y < L,
F,. = 0.66F, = 1,650 ksc filatg

F, =0.75F, = 1875ksc, C, =C, =0.85



1227 (2.1x10° ?(2.1x10°
o 12 G g 996y Fr = 1 DY) 5560 ks
23(32.89) 23(56.56)
C 0.85 C 0.85
me ~0.902<1.0 Usel.0 m 08 OK
T T PR 1.025>1.0
F,, 9.996 F 3,380

ey

unuatadlugums (H1-1) uag (H1-2)

6 , (LOY304)  (1.025)(515)
1,241 1,500 1,875

=0.948<1.0 OK

576 304 515

+ + =0.843<1.0 OK
1,500 1,650 1,875

USE W350x137

A10E199 10-6  AuFoNMINGAR W Nlunfigaliioseedu wsamuwuiwny 150 du uay

Luddeawanslugl Tasainsgaaiiuniunistendiniudig

My = 25t-m 'Vly =10tm 3541 fasanen Cp, was Gy,
J
YKXH LﬁZLKv” C. - 060 - 040M™
I\ [ M2
|\ |
| | 15
I ! | \ = 0.60 - 0.40 — = 0.36
i/ | \ 25
" |\ ;
A 45m ]| | C, = 0.60 - 0.40 ~ = 0.92
A i 10
( | | ,/ - NMIUsTNINATILINazldA1 m=8.5uaz U=3
l ! / 1 < 1 o [ o (%
\\ | Y - A1 m luasaluardmsu C,, = 0.85 d1msu
;@; @ Adulviaas m ¢y C,/0.85
v w_/
M, = 15 t-m M, = 8 t-m Py =P +Mm+MmU
0.36 0.92

P, =150+ 25x85x—= + 10x8.5x x3 = 516 ton
0.85



N5 0.2 d@msu KL = 4.5 m idennuidn W 400x415 (698 ton)

n519dUNLIGA W 400x415 (U =2.48, m = 5.6)

0.36 0.92

P, = 150+ 25x5.6 x + 10 x5.6 x x2.48 = 360 ton < 516 ton
0.85 0.85

NI 0.2 @ msu KL = 4.5 m idenniifdn W 400x232 (387 ton)

n31EeUNIsin W 400x232 (U = 2.58, m = 5.8)

0.36 0.92

P. = 150+ 25x5.8 x +10x5.8 x x2.58 = 373 ton ~ 387 ton
0.85 0.85

nsradeuntgin WA00x232(A = 295.4 cm?, S, = 4,480 cm?, S, = 1,530 cm?,
r,=17.7 cm, ry = 10.2cm, L, =5.15m, L, =15.34 m)

f

. = 150x103/295.4 = 508 nn./%.”

KL/Jr, = 450/17.7 = 25

KL/r, = 450/10.2 = 44 (adupu) —> F,=1,315 nn/au.’

f,/F, = 508/1,315 = 0.39 > 0.15 Faldaunis (H1-1) waz (H1-2)
fo, = 25x10%/4,480 = 558 nn./a.”

fo, = 10 x10%/1,530 = 654 nn./au.°

Fox = 0.66F, inanstas = 1,650 nn./wu? tesan L < L

Fou = 0.66F, = 1,650 nn./aa.2 fidans

X

F,, = 0.75F, = 1,875 nn./4u.%, C,, =0.36, C,, =0.92

2 6 2 6
F _len (2'1X10 ) Z17.301 kg/em? F, _len (2'”10 ) _ 5,585 kg/om?
23(25) 23(44)
C 0.36 o 0.92
mx =0. . . W - =1. .0 OK
7, s08 0.37<1.0 Use 1.0 =, 508 1.012>1.0 O
Foo 17,301 F, 5585




wnuAtasluaunis (H1-1) waz (H1-2)

f + mefbx + Cmyfby 1.0 (H‘l_‘l)

F, f f|
(LF' ijX (1_F’ ]Fby
ex ey
508 (1.0)(558) _ (1.012)(654) _ 1 1o . 10 NG
1315 1,650 1875

aeatidaiivia/lu W400x283(A = 360.7 cm2, S, = 5,570 cm?, S, = 1,930 cm?,
r,=18.2 cm, ry, = 10.4cm, L,=5.18 m, L, =18.64 m)

IA

150x108/360.7 = 416 nn./ou.?
K,L/r, = 450/18.2 = 25
K,L/r, = 450/10.4 = 43 (pauau) —> F,=1,321 nn/au’

—_
Il

f/F, = 416/1,321 = 0.32 > 0.15 fuiuldaunis (H1-1) uaz (H1-2)
f,, = 25x10%/5,570 = 449 nn./au.?
f,, = 10x105/1,930 = 518 nn./a.’

Foo = 0.66F, finanadas = 1,650 nn/au.” Wesan L < L
Fyx= 0.66F, = 1,650 nn./au.” fivane
Fo, = 0.75F, = 1,875 nn/au?, C,, =0.36, C,, =0.92

2 6 2 6
Fo 127 (2.1><‘2IO ) _ 17,301 kg/em? F - 12n (2.1><‘2IO )=5,848 kglem?
23(25) 23(43)
C
Cr 036 =0.37<1.0 Use 1.0 m - 992 499,10 Use1.0
g fa_ 416 ,_fo,_ 4186
Feu 17,301 F., 5,848

wnuAtasluaunis (H1-1) waz (H1-2)

416 N (1.0)(449) N (1.0)(518) _ 086 < 1.0 OK
1,321 1,650 1,875

416 N 449 N 518
1,500 1,650 1,875

= 0.83 < 1.0 OK

USE W400x283




